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Available online 20 December 2014AbstractBackground/Purpose: This study investigated the effect of hydrothermal treatment with calcium chloride (CaCl2) solutions on
fibroblast attachment and proliferation to titanium implants in the presence and absence of fetal bovine serum.
Materials and methods: Pure titanium specimens were prepared, polished (1500 grit), cleaned with ethanol, hydrothermally
treated with CaCl2 solutions at 200
C for 24 h (TieCaCl2). Two concentrations of CaCl2 solution were used (TieCaCl2 10 mM/L
and TieCaCl2 20 mM/L). Titanium specimens without CaCl2 treatment were used as a control. Then, specimens were exposed to
L-929 fibroblasts to test cellular attachment and proliferation after 30 min, 1 h, 2 h, 5 h, 1 day, 3 day and 1 week with and without
fetal bovine serum (FBS). The percentage of viable attached cells (cells/ml) for each surface treatment was measured using trypan
blue assay. Cellular growth on just culture plate material was used as a negative control. The data (n¼ 5) were statistically analyzed
by ANOVA/Tukey test (p < 0.05).
Results: Without FBS after 1 week, a statistically significant higher cell attachment to titanium control than to TieCaCl2 10 mM/L
or TieCaCl2 20 mM/L was revealed. With FBS after 1 week, there was a significant lower cell attachment to TieCaCl2 20 mM/L
than to titanium control.
Conclusions: The CaCl2 hydrothermally treated titanium showed lower evidence of fibroblasts attachment than pure titanium did,
which means decreasing the liability of fibrosis, and hence, stronger bonding of CaCl2 hydrothermally treated titanium implant to
bone (better osseointegration).
© 2014, Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
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Titanium has been used as implant materials in
dentistry and orthopedics, because of their good me-
chanical properties, high corrosion resistance and
excellent biocompatibility [1]. For conventionalentistry, Tanta University.
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and the bonding strength is relatively weak [2,3].
Since bone formation is sensitive to micro movement
and infection (especially in dental implant), it is
important to avoid unnecessary force to the implant
and to beware of infection. When titanium implant is
implanted in a bone, new bone is formed around the
implant and bonded to the existing bone. As faster
osseointegration of titanium implant is beneficial to
the patients, various surface modification techniques
have been developed in order to improve the bioac-
tivity. Though apatite coating is a quite popular
technique [4e8], its application is restricted because
the coated apatite is easily removed from the metal
surface [9,10]. It was reported that faster new bone
formation was obtained on the surface of titanium
implant when titanium was treated with NaOH or
H2O2 solution [11e15]. In addition, the NaOH or
H2O2-treated titanium implant bonded directly to the
bone without the intermediate fibrous connective tis-
sue. In other words, if titanium is given a suitable
surface treatment, the titanium implant can be
endowed with a good osseointegration. Also, the
hydrothermal treatment of titanium with 10 and
20 mMol/L CaCl2 solutions (CaeTi implants) showed
faster and better attachment to osteoblast-like cell
(MC3T3-E1) than non-treated titanium [16]. How-
ever, no previous study examined the attachment and
the proliferation of these CaeTi implants to fibro-
blasts. It was realized that fibrous tissue interposition
threatened the longevity of working implants. This
means that obtaining a strong bonding of the implant
and the bone occurs when fibrous tissues do not
intervene in the implant/bone interface [17,18].
Therefore, the aim of the present study was to eval-
uate the attachment and proliferation of fibroblast
cells (L-929) to the hydrothermally treated titanium
with 10 and 20 mMol/L CaCl2 solutions (CaeTi
implants) in the presence and absence of 10% fetal
bovine serum.
2. Materials and methods
2.1. Preparation of specimens
Pure titanium1 was used in this study. The surface
was polished with #1500 waterproof abrasive paper
followed by washing with distilled water and ethanol,
and then dried. All specimens were cut to the same disc
size of 15 mm3. Titanium disc was placed in a Teflon1 Nilaco Corporation, Tokyo, Japan.crucible containing 10 and 20 mmol/L of CaCl2
aqueous solution and then the Teflon crucible was put
in a stainless jacket. The vessel was placed in a
temperature-controlled bath kept at 200 C for 24 h for
hydrothermal treatment.
2.2. Preparation and culturing of fibroblasts
Fibroblast cell culture2 was used for the cell
attachment testing. These cells were selected because it
is the major component of the fibrous connective tis-
sue. These cells were cultured (maintained) in two
types of cell-culture growth medium. Each type is
consisting of Dulbecco's Modified Eagle's Medium
[DMEM]3 supplemented with 10 ug/ml gentamycin,3
penicillin/streptomycin (125 units/ml).3 Antibiotics
were added to inhibit growth of microorganisms, and
all procedures were performed aseptically. However,
one growth medium type contained also 10% fetal-
bovine serum (FBS)4 while the other type did not
contain any FBS. All incubations were carried out in
an incubator in a humid atmosphere of 5% CO2 and
95% air at 37 C. The cells were passaged by trypsi-
nization6 (0.05% Trypsin-EDTA).3
After counting the cells with a hemocytometer,5
cells were plated (seeded) at 30,000 cells/cm2 in
200 ml of both two types of growth medium to each of
the different titanium disks placed in individual sterile
24-well tissue culture plates.6 Disks were maintained at
37 C in a humidified 5% CO2 atmosphere to allow for
cellular attachment [19]. After 3-h incubation in the
growth medium, with or without 10% FBS, additional
800 ml of corresponding growth medium was added to
the plats containing disks which would be incubated for
1 day or more. This was done to provide enough me-
dium for cells nourishment along these periods of in-
cubation. Exposure of cells was stopped by discarding
the exposure medium (growth medium), and cells
attachment was recorded immediately by counting the
viable cells after the following periods of incubation
30 min, 1 h, 2 h, 5 h, 1 day, 3 day, 1 week. Each test was
run in five replicas.
2.3. Cell counting procedure
After culturing the implants for the incubation pe-
riods as specified above, the implants were rinsed threeHyClone, Logan, Utah, USA.
5 Hausser Scientific, Horsham, Pa, USA.
6 Becton Dickinson Labware, NJ, USA.
Fig. 2. Comparison of average attached live cells to the tested tita-
nium specimens with FBS. * indicates statistical significant differ-
ence (p < 0.05).
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trypsin, incubated for 10 min, fresh growth media was
added and the mixture agitated by pipetting to dislodge
the cells from the titanium surface. The solution con-
taining the detached cells was centrifuged for 5 min at
1000 relative centrifugal force, the supernatant was
removed after centrifugation and the cell pellet was re-
suspended in 0.2% trypan blue in PBS and counted
under light microscope at 100 using a hemocytom-
eter to provide the number of cells on each titanium
disk.
The statistical analysis was conducted by ANOVA/
Duncan posthoc test with a significant set up at
p < 0.05.
3. Results
The three-way ANOVA showed a statistical signif-
icance in each factor (growth medium, surface treat-
ment and incubation period) and showed a significance
for the interaction between the three factors (F ¼ 182.6
and p < 0.01). The results showed no significant dif-
ference for the amount of initial attached fibroblasts
(30 mine5 h) on as-polished, TieCaCl2 10 mM/L and
TieCaCl2 20 mM/L, regardless of the presence of FBS
(Figs. 1 and 2). For analyzing the cell proliferation
without fetal bovine serum after 1 week, statistical
analysis revealed a significant higher cell proliferation
(p < 0.05) on titanium control than on TieCaCl2
10 mM/L or TieCaCl2 20 mM/L (Fig. 1). However,
the cell proliferation in the presence of fetal bovine
serum after 1 week, revealed a significant lower cell
proliferation (p < 0.05) on TieCaCl2 20 mM/L than on
titanium control (Fig. 2).Fig. 1. Comparison of average attached live cells to the tested tita-
nium specimens without FBS. * indicates statistical significant dif-
ference (p < 0.05).4. Discussion
The presence of fetal bovine serum in the growth
medium surrounding the titanium specimens contrib-
uted to a statistically significant increased proliferation
of fibroblasts after 1 week of incubation, regardless of
the type of surface treatment. This is in accordance
with evidence that tissue cells including osteoblasts
spread and develop focal adhesions onto serum-pre-
coated or bovine serum albumin pre-coated titanium
disks [20]. FBS is a cocktail of most of the factors
required for cell attachment, growth, and proliferation
in vitro. As such, it provides a broad spectrum of
macromolecules, carrier proteins for lipoid substances
and trace elements, attachment and spreading factors,
low molecular weight nutrients, and hormones and
growth factors. Among serum proteins, fibronectin has
been found to promote cell adhesion and reorganiza-
tion of the actin microfilaments [21], and it was also
involved in attachment of anchorage-dependent cells
[22]. The initial fibroblasts attachment (30 mine5 h)
showed no significant difference between pure titanium
and TieCaCl2, regardless of the presence of fetal
bovine serum. However, after 1 week of incubation,
higher increased fibroblasts proliferation on pure tita-
nium than on TieCaCl2 was evident regardless of the
presence of FBS (the difference was statistically sig-
nificant when FBS was not included in the growth
medium).
According to a previous study [16], the amount of
initial attached osteoblast-like cells (MC3T3-E1 cells)
to non-treated pure titanium control specimens and
CaCl2-hydrothermally treated specimens were almost
the same value. The result of this previous study
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affect the initial attachment of osteoblast-like cells to
the titanium surface. This is in accordance with the
results of the present study. In addition, the previous
study revealed that growth rate of osteoblast-like cells
on CaCl2-hydrothermally treated specimen after 1
week of incubation was significantly higher than that
on non-treated titanium specimens. Previous studies
demonstrated that CaCl2 hydrothermal treatment en-
hances osteoblast attachment leading to increased bone
formation. Proper ankylosis of titanium posts from a
dental implant requires bone formation from attached
osteoblasts. In contrast, fibroblast attachment would
lead to fibrosis and poor ankylosis, weak implant
attachment and potential implant failure [17,18].
Importantly, this study contributes to this body of
knowledge by demonstrating that CaCl hydrothermal
treatment prevented fibroblast attachment. Thus, both
conditions, increased osteoblast and decreased fibro-
blast attachment have been demonstrated now with
CaCl2 hydrothermal treatment.
In general, it is known to obtain a strong bonding of
the implant to the bone when fibrous tissues do not
intervene in the implant/bone interface [4,17,18].
Therefore, it is suggested that the hydrothermal treat-
ment with 10 or 20 mMol/L CaeCl2 aqueous solution
at 200 C for 24 h was an ideal method for surface
modification treatment of titanium implants.
5. Conclusions
The CaCl2 hydrothermally treated titanium showed
lower evidence of fibroblasts attachment than pure ti-
tanium did, which means stronger bonding of CaCl2
hydrothermally treated titanium implant to bone.
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